The association of actin with endosomes was analyzed by electron microscopy in MDCK cells, because of the specificity of our antibodies (see Fig 3) . MDCK cells, grown on polycarbonate filters (Transwell 3412; Costar, Cambridge, MA), were incubated in the apical and basolateral medium with 5nm BSA-gold (OD 520 30) or HRP (Sigma type II, 10mg/ml) for 15 or 10min at 37°C, respectively, and then processed for Epon, as previously described (Parton et al., 1992), with the modification that primary fixation was with 2.5% glutaraldehyde in 50mM cacodylate containing 70mM KCl, 1.25mM MgCl 2 and 1.25mM CaCl 2 . With this low osmolarity glutaraldehyde-containing fixative, slight extraction of the cytoplasm facilitates visualization of cytoskeleton and membrane coats.
. Ultrastructural localization of gangliosides; GM1 is concentrated in caveolae. J Histochem Cytochem 42, [155] [156] [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] Parton, R. G., Schrotz, P., Bucci, C., and Gruenberg, J. (1992) . Plasticity of early endosomes. J Cell Sci 103, 335-348. Toret, C. P., and Drubin, D. G. (2006) . The budding yeast endocytic pathway. J Cell Sci 119, 4585-4587. van Genderen, I. L., van Meer, G., Slot, J. W., Geuze, H. J., and Voorhout, W. F. (1991) . Subcellular localization of Forssman glycolipid in epithelial MDCK cells by immuno-electronmicroscopy after freeze-substitution. J Cell Biol 115, 1009-1019. Figure S1 . Actin Drugs and Endosomal Transport (A) HeLa cells were incubated without (left panels) or with (right panels) 1µM latrunculin B to prevent actin polymerization. Then, rhodamin-dextran (red channel) was internalized for 10min at 37°C to label early endosomes. Cells were fixed, labeled with phalloidin (to label F-actin; green channel) and antibodies against EEA1 followed by secondary antibodies (blue channel). Samples were then processed for triple-channel fluorescence microscopy. The merged EEA1 and dextran channels are indicated. All channels are shown in the F-actin panel. Arrowheads point at examples of dextran-labeled endosomes that contain EEA1. Bar: 10µm. (B) The number of structures containing both dextran and EEA1 (as in A) was counted and expressed as a percentage of the total number of vesicles containing dextran with or without LatB. (n=5, 5 cells per condition and 10 structures per cell, ± SD). (C) HeLa cells were incubated without (control) or with Jasplakinolide (JAS) or Cytochalasin D for 30 min. Then, rhodamin-dextran (red channel) was internalized for 10min at 37°C and chased for 40min at 37°C in dextran-free medium. Cells were fixed, labeled with phalloidin (to label F-actin; green channel) and antibodies against EEA1 followed by secondary antibodies (blue channel). Samples were then processed for triple-channel fluorescence microscopy. The merged EEA1 and dextran channels are indicated. Left channels show the F-actin labeling with phalloidin. Bar: 10µm. (D) The number of structures containing both dextran and EEA1 (as in B) was counted and expressed as a percentage of the total number of vesicles containing dextran with or without LatB. (n=3, ± SD). (C) HeLa cells were treated with LatB, CytD or JAS for 30 min, fixed, stained with antibodies against EEA1 as in Fig S1C and analyzed by confocal microscopy. The number of EEA1-positive endosomes was quantified and is expressed per unit surface area (in µm²). The figure shows that variations in the number of endosomes between control and drug-treated cells were in the same range as cell-to-cell variations observed under any of the conditions that were tested.
Figure S3. EGFR Trafficking after Inhibition of Actin Polymerization
HeLa cells were treated or not with LatB for 30min and then starved in the presence of the drug for 1h in serum-free medium. Then anti-EGFR antibody was bound to plasma membrane at 4°C for 30min. Cells were then stimulated at 37°C with EGF for 1h, fixed, processed for immunofluorescence and labeled with antibodies against EEA1 and Lamp1. Scale bar 20µm. Figure S4 . F-Actin and Endosomes (A) Rhodamin-Dextran was internalized for 10min at 37°C, and then the cells were fixed. F-actin was labeled with phalloidin and cells were analyzed by confocal microscopy. Empty arrowheads show early endosomes presumably attached onto actin cables and solid arrowheads early endosomes that showed actin patches on their surface. Scale bar 2 µm. (B) HeLa cells were cotransfected with Rab5 GFP and Actin RFP to follow the movement of endosomes by time-lapse confocal microscopy. Frames were captured every 18s. The time when each frame was captured (sec) is indicated.
(C) Box 1 shows examples of endosomes (arrows) that remained essentially immobile and were closely associated to actin filaments, and box 2 the example of an endosome (arrowhead) that moved during the indicated time and did not appear associated to actin cables. The corresponding areas are indicated at the bottom of the figure at t = 0s, next to outlines of the movements observed over this time frame. Blue symbols point at endosomes in the given frame, and orange symbols indicate the position of endosomes in the previous frames. (D) The total distances (µm) covered by individual endosomes that appeared or not to be associated with actin cables (as in A) were measured in the experiments shown in (B) (total number of endosomes > 25 immobile; > 20 mobile from 5 experiments). The mean distance is indicated in µm per acquisition frame (n=4, ±SD). (E) The total distances (µm) covered by individual Rab5 GFP endosomes that appeared or not to be associated with actin cables (as in A) were measured in cells treated without (ctrl) or with LatB, cytochalasin D (CytD) or jasplakinolide (JAS). The mean distance is indicated in µm per acquisition frame (n=3, ±SD).
Figure S5. AnxA2 at the Endosome and in Endosomal Transport
(A) HeLa cells were processed for confocal immunofluorescence with antibodies against moesin and AnxA2 (blue channel), using a permeabilization protocol specific for AnxA2 staining, and F-actin was labeled with phalloidin. Insets show the boxed area and arrowheads point at structures containing F-actin, moesin and AnxA2. Scale bar 10µm. (B-C) HeLa cells were mock-treated (mock) or treated with Dicer generated siRNAs for 72h to downregulate AnxA2 expression (AnxA2 RNAi). Then, rhodamin-dextran was internalized for 10min at 37°C and chased for 40min in marker-free medium. Cells were then processed for immunofluorescence using antibodies against AnxA2 and Lamp1. Scale bar 10µm. The number of structures containing dextran and lamp1 after chase in (B) was counted (n=4, 5 cells per conditions, 10 endosomes per cell, ± SD) and is expressed as a percentage of the mock-treated control. AnxA2 knockdown had no effect on rhodamin-dextran internalization (not shown) as expected (Mayran et al., 2003; Morel and Gruenberg, 2007) . However, the tracer failed to reach Lamp1-positive late endosomes and was no longer detected intracellularly in cells lacking AnxA2 -most likely, the tracer had then been recycled to the medium, rather than transported to late endosomes and lysosomes. (D) HeLa cells were transfected with Rab5Q 79 L GFP and then processed for confocal immunofluorescence after labeling F-actin with phalloidin. Arrowheads point at actin patches on enlarged endosomes. Dotted lines indicate the limiting endosomal membrane. Scale bar 2µm. Figure S6 . AnxA2 siRNA and Actin In Vivo and In Vitro (A) HeLa cells were mock-treated (mock) or treated with Dicer generated siRNAs against AnxA2, and then analyzed by SDS-PAGE and western blot using the indicated antibodies.
(B-C-D-E) HeLa cells were mock-treated (mock) or treated with Dicer generated siRNAs against AnxA2 as in (A). After fixation, F-actin was labeled with phalloidin and cells were processed for fluorescence microscopy (C). The cell perimeter was then measured for 20 cells, and the mean values are indicated (in µm) in (B). The early endosomes diameter was measured from cropped images coming from 20 cells labeled for EEA1 and is shown in (E). Cells mock-treated (mock) or treated with Dicer generated siRNAs against AnxA2 were transfected with Rab5 GFP and Rab5 GFP endosomes motility was analyzed by confocal microscopy in time and is shown as distance (in µm) during acquisition time frame (D).
(F) The in vitro actin nucleation and polymerization assay was as in Fig 4 in the presence of annexin-depleted cytosol prepared by CaCl 2 -mediated precipitation. The reaction mixture was re-complemented with increasing amounts of purified recombinant AnxA2, as indicated. The bar graph shows for comparison control cytosol (ctrl cytosol) compared to annexin-depleted cytosol. Quantification was as in Fig 4G, and is expressed as a percentage of the control ± SD.
(G) The assay was in (F) using control cytosol and annexin-depleted cytosol with or without purified recombinant AnxA2, but with or without early endosomes, as indicated. Quantification is expressed as a percentage of the control ± SD.
